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Abstract The objective of this study was to analyze
epidemiological tendencies of systemic sclerosis (SSc)
around the world in order to identify possible local
variations in the presentation and occurrence of the disease.
A systematic review of the literature was performed
through electronic databases using the keywords “Systemic
Sclerosis” and “Clinical Characteristics.” Out of a total of
167 articles, 41 were included in the analysis. Significant
differences in the mean age at the time of diagnosis, subsets
of SSc, clinical characteristics, and presence of antibodies
were found between different regions of the word. Because
variations in both additive and nonadditive genetic factors
and the environmental variance are specific to the investi-
gated population, ethnicity and geography are important
characteristics to be considered in the study of SSc and
other autoimmune diseases.
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Background

Systemic sclerosis (SSc) is a systemic autoimmune disease
of unknown cause characterized by microvasculopathy,
fibroblast activation, and excessive production of collagen.
SSc is unique in displaying features of three distinct
pathophysiologic processes: cellular and humoral autoim-
munity, vascular injury, and tissue fibrosis.

SSc is observed predominantly in black females with a
peak of incidence between 45 and 64 years of age. The
epidemiology of SSc is not definitively established due to
the relative rarity of the disease, the difficulty in diagnosis,
and the large variability in the clinical manifestations and
severity.

This paper shows the epidemiological tendencies in the
presentation and occurrence of SSc in different regions of
the world.

Materials and methods
Review of literature

Electronic databases (MEDLINE, PUBMED, SCIELO,
LILACS, BIREME) were searched up until February 2008
for all studies concerning to the epidemiological tendencies of
SSc in humans. The search strategy contained MeSH terms
and text words as follows: “Systemic Sclerosis” and “Clinical
Characteristics.” No other limits were employed. The manu-
scripts were published in peer-reviewed journals as full
papers, not as an abstract or similar, and the literature provided
enough information to be considered for comparison. Addi-
tionally, reports concerning the disease in childhood were
excluded. Studies were included if they met the following
requirements: the diagnosis of SSc was accomplished using

@ Springer



758

Clin Rheumatol (2009) 28:757-765

the classification criteria for SSc established by the American
College of Rheumatology, and the disease was classified as
diffuse SSc or limited SSc depending on the extent of skin
involvement according to the criteria proposed by LeRoy
(http://www.rheumatology.org/publications/classification/
systsclr.asp).

Statistical analysis

To perform the meta-analysis, the following information was
extracted from each study: (1) author, (2) year of publication,
(3) study population, and (4) total cases of local and diffuse
SSc (Table 1). Estimation of odds ratio (OR) was possible

Table 1 Characteristics of individual studies included in meta-analyses

obtaining the number of individuals with local and diffuse
SSc presenting any of the demographic and clinical variables
of interest in each study included. Data were analyzed using
the Comprehensive Meta-Analysis version 2.0 program
(Biostat, Englewood, NJ, USA 2004). The common effect
size was calculated using the inverse variance weighting
scheme. Both fixed and random effect models were used
to calculate summarized OR as well as 95% confidence
intervals (Cls) for each variable. The random effect
model was chosen because it assumes that true quantities
from the individual studies have a probability distribu-
tion, and it assigns a more balanced weight to each
study. Heterogeneity was calculated by means of the

Ref. Country Continent Sample size

Diffuse

Limited Meta-analysis®

[34] Europe Europe 290 117

[29] Italy Europe 742 177

[23] UK
[33]

Europe 128 78

Grece Europe 238 114

[31] Europe Europe 3,656 1,349

[3] Brazil
[11] Colombia

Latin American 32 8
Latin American 102 85

[10]
[151°

Latin American 19 9
North American 127 24

Colombia
USA

[15]° USA North American 247 116

[13] Canada North American 181 29

[40]
Total

Australia 548 107
6,310 2,213

Australia

173 Articular involvement, calcinosis, gender,
heart involvement, lung involvement,
skin ulcers, telangiectasias

565 Articular involvement, calcinosis,
esophageal involvement, gender,
heart involvement, lung involvement,
Raynaud phenomenon, skin ulcers, telangiectasias

50 Gender

124 Articular involvement, esophageal involvement,
gender, heart involvement, lung involvement,
Raynaud phenomenon, skin ulcers

2,101 Articular involvement, esophageal involvement,
gender, heart involvement, lung involvement,

raynaud phenomenon, skin ulcers
20 Calcinosis, telangiectasias

17 Articular involvement, esophageal involvement,
Raynaud phenomenon, telangiectasias

10 Articular involvement, heart involvement

69 Articular involvement, calcinosis,
esophageal involvement, heart involvement,
lung involvement, Raynaud phenomenon

104 Articular involvement, calcinosis,
esophageal involvement,
heart involvement, lung involvement,
Raynaud phenomenon

152 Articular involvement, calcinosis,
esophageal involvement, gender,
heart involvement, lung involvement,
Raynaud phenomenon,
skin ulcers, telangiectasias

307 Gender
3,692

*The study that corresponds to the row was included in each of the mentioned analyses

® French, subgroup of patients included in Meyer et al. [15] study

“North American, subgroup of patients included in Meyer et al. [15] study

Gender male gender, Esophageal involvement dysphagia or esophageal dysfunction, Heart involvement diastolic dysfunction, abnormal left
ventricular eyection fraction or abnormal electrocardiogram, Lung involvement interstitial fibrosis or restrictive syndrome, Skin ulcers digital

ulcers, necrosis, pitting scars or gangrene
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Table 2 Comparison among all series of SSc patients

Characteristic

Age at onset (years)
Disease duration (years)

Europe

Mean® 95% CI N
48 (47-48) 5,307
7 (6-7) 4,918

%. 95% CI N

Asia

Mean® 95% CI N
34 (32-36) 128
11 (9-13) 128

% 95% CI N

North America
Mean® 95% CI N
52 (51-52) 2,151
4 (4-5) 1,039

% 95% CI N

Latin America
Mean® 95% CI N
51 (50-52) 549
7 (7-8) 491

% 95% CI N

X pb

Female

Diffuse SSc

Limited SSc

Telangiectasias

Calcinosis

Raynaud’s phenomenon
Arthralgias or arthritis
Esophageal involvement
Pulmonary involvement

Cardiac involvement

Renal involvement

Antinuclear antibody positive
Anticentromere antibody positive
Anti-topoisomerase | antibody positive

86 (85-87) 7,149
35 (34-36) 7,077
61 (59-62) 7,077
66 (64-68) 2,093
20 (18-21) 1,966
96 (96-97) 5,364
30 (27-32) 1,683
62 (61-64) 5,839
42 (40-43) 6,794
20 (19-21) 6,571
8 (8-9) 6,680
90 (90-91) 4,207
24 (23-25) 6,658
38 (37-39) 6,912

90 (88-90) 560
26 (22-26) 385
33 (28-33) 385
49 (42-49) 203
4 (0-4) 75
94 (92-94) 560
58 (54-58) 560
52 (47-52) 560
60 (56-60) 560
17 (14-17) 460
9 (7-9) 560
81 (78-81) 560
15 (12-15) 457
29 (25-30) 385

76 (75-77) 4,590
39 (38-40) 5,199
53 (52-55) 5,199
63 (61-64) 3,463
31 (30-33) 3,710
94 (94-95) 3,710
57 (55-58) 3,227
60 (59-62) 4,096
30 (29-32) 4,096
9 (8-11) 3,004
6 (5-7) 3,004
79 (78-81) 4,319
24 (23-25) 5,199
17 (16-18) 5,199

91 (89-93) 1,168
32 (29-35) 918
72 (69-74) 1,035
67 (63-70) 598
35 (31-39) 505
94 (92-96) 654
63 (59-67) 509
44 (40-48) 661
27 (23-30) 751

7 (5-10) 368

8 (5-10) 371
94 (92-95) 646
64 (60-67) 640
21 (18-24) 676

268,202<0.001
45,672<0.001
242,191<0.001
28,380<0.001
118,713<0.001
17,062<0.001
385,885<0.001
99,632<0.001
296,791<0.001
183,587<0.001
19,447<0.001
243,620<0.001
536,888<0.001
678,952<0.001

95% CI 95% confidence interval

# Combined means and confidence intervals for age at onset and disease duration were computed by using only the studies who provided standard

deviations of these variables
® Chi-squared test with 3df

Table 3 “One study removed” test for statistically significant results of meta-analysis on clinical variables associated with diffuse SSc

Ref. Sensitivity analysis (OR [CI])*
Calcinosis Articular involvement Esophageal involvement Male gender Lung involvement Skin ulcers

[34] 0.51 [0.29-0.90] 2.83 [1.44-5.54] NA 2.13 [1.48-3.06] 2.19 [1.50-3.21] 1.49 [1.24-1.80]
[29] 0.51 [0.35-0.74] 2.74 [1.32-5.70] NS 1.88 [1.37-2.58] 2.01 [1.28-3.17] 1.46 [1.14-1.87]
[23]  NA NA NA 2.39 [1.99-2.87] NA NA

[33] NA 2.78 [1.39-5.56] NS 2.05[1.44-2.93] 1.85[1.26-2.70] 1.44 [1.25-1.67]
[31] NA 1.87 [1.15-3.02] 1.49 [1.12-1.98] 1.95[1.24-3.08] 2.04 [1.22-3.42] 1.37 [1.02-1.85]
[3] 0.56 [0.36-0.87] NA NA NA NA NA

[11] NA 2.30 [1.18—4.46] NS NA NA NA

[10] NA 2.35[1.20-4.61] NA NA NA NA

[151° 0.6 [0.40-0.94] 2.71 [1.35-5.44] NS NA 1.93 [1.32-2.81] NA

[15]°  0.65 [0.43-1.00]* 2.07 [1.05-4.06] 1.40 [1.02—-1.93] NA 2.29 [1.75-2.98] NA

[13] 0.65 [0.46-0.92] 2.58 [1.26-5.27] 1.40 [1.04-1.89] 2.04 [1.44-2.89] 1.87 [1.31-2.67] 1.50 [1.33-1.70]
[40] NA NA NA 2.15[1.52-3.06] NA NA

NS statistically not significant results, N4 information not available for this analysis
?Results are located in the row that corresponds to the study removed

®Results from the French subgroup of patients included in Meyer et al. [15] study
°Results from the North American subgroup of patients included in Meyer et al. [15] study

4P value is borderline
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Table 4 Expected power of statistically significant results of meta-analysis on Systemic Sclerosis (SSc)*

Expected power

Calcinosis Articular involvement

Ref. Population Patients Controls per Controls Relative weight Expected power Relative weight
(country) case
o=0.05
E (calcinosis)=0.29

Fixed Random W¥=0.4 v=0.8 Fixed Random
[13] Canada 29 52 152 3.60 6.36 0.36 0.07 2.44 12.45
[34] Europe 117 1.5 173 26.44  26.56 0.86 0.13 4.40 13.73
[29] Italy 177 32 565 44.64 33.37 0.99 0.20 9.71 14.76
[3] Brazil 8 2.5 20 1.34 2.55 0.10 0.05 NA NA
[151° USA 24 2.9 69 5.74 9.47 0.28 0.06 2.01 11.91
[15]° USA 116 0.9 104 18.25  21.69 0.78 0.11 0.81 8.76
[33] Grece 114 1.1 124 NA NA NA NA 5.33 14.04
[11] Colombia 85 0.2 17 NA NA NA NA 0.21 3.90
[10] Colombia 9 1.1 10 NA NA NA NA 0.29 4.85
[31] Europe 1,349 1.6 2,101 NA NA NA NA 74.82 15.60
[23] UK 78 0.6 50 NA NA NA NA NA NA
[40] Australia 107 2.9 307 NA NA NA NA NA NA
Heterogeneity o] df p-value r (0] df

7.62 5 0.18 34.36 74.09 8

NA information not available for published data, NS statistically not significant (p>0.05), O Cochran's Test, df degree of freedom, /> Higgin’s Test

“The expected probability of exposure in controls is 0.29, 0.43, 0.54, 0.12, 0.36, and 0.38 for calcinosis, articular involvement, esophageal involvement,

male gender, lung involvement, and skin ulcers, respectively

®French, subgroup of patients included in Meyer et al. [15] study

“North American, subgroup of patients included in Meyer et al. [15] study

Cochran’s (Q) and Higgins’s (/%) tests. Adjectives of low,
moderate, and high were assigned to I* values of 25%,
50%, and 75%, respectively. One study removed and
stratified analyses by ethnic group (Caucasians and
Mestizos) were done to prove sensitivity of results and
detect possible causes of heterogeneity between studies.
Publication bias was determined using funnel plots and
the Egger’s regression asymmetry tests.

The expected statistical power to detect true associations
between both subsets of SSc and the selected variables were
calculated using PS Power and Sample Size Calculations
Version 2.1.31 (Copyright© 2004 by William D. Dupont
and Walton D. Plummer, Vanderbilt Biostatistics, Nashville,
TN, USA). We used the 0.05 level of significance and
calculated the expected probability of exposure to the
selected variables in individuals with limited SSc across all
studies included in the meta-analysis.

A combined proportion was carried out with variables
that reported outcomes in frequencies from studies previ-
ously mentioned (data not shown). This analysis used
sample size and percentages from each study to ponderate
results. Additionally, confidence intervals were obtained
with a level of significance of 0.05 (Table 2). To investigate

@ Springer

the null hypothesis of equal combined proportions in the
studies retrieved from four regions (Europe, Asia, North
America, and Latin America), the chi-square test was used
with 3df. All analyses were performed by means of
Microsoft excel and the Statistical Package for the Social
Sciences v15 for Windows (SPSS Inc., Chicago, IL, USA).

Results
Review of literature

After an extensive and complete search of the literature,
166 potentially eligible reports were detected. Eight studies
were excluded from this number because they were not
developed in humans, 47 reports did not specify clinic
characteristics of the patients, and 63 were not written in
English, French, or Spanish. A total of 41 reports were
included for our analyses of which 12 were Latino
American series [1-12], ten North American [13-22], 14
European [15, 23-35], four Asian [36-39], and one
Australian [40]. In all series, SSc was observed predomi-
nantly in women. The mean age at the time of diagnosis was
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Expected power

Articular involvement Esophageal involvement Male gender
Expected power Relative weight Expected power Relative weight
«=0.05 «=0.05

E (articular involvement)=0.43 E (esophageal involvement)=0.54

v=1.3 v=7.2 Fixed Random v=1.0 v=1.8 Fixed Random
0.10 1.00 2.33 8.51 0.05 0.27 2.97 8.22
0.19 1.00 NA NA NA NA 6.77 13.99
0.33 1.00 12.02 21.11 0.05 091 13.11 19.05
NA NA NA NA NA NA NA NA
0.09 0.97 1.56 6.24 0.05 0.21 NA NA
0.16 1.00 436 12.99 0.05 0.56 NA NA
0.17 1.00 5.85 15.36 0.05 0.59 3.98 10.09
0.08 0.94 1.42 5.71 0.05 0.21 NA NA
0.06 0.46 NA NA NA NA NA NA
0.96 1.00 72.46 30.02 0.05 1.00 64.54 27.52
NA NA NA NA NA NA 3.48 9.20
NA NA NA NA NA NA 5.15 11.93
p-value r @] df p-value r (0] df
0.00 89.20 12.84 6 0.05 53.28 12.73 6.00

46.79 £13.42 years, and only four series presented lower
age at time of diagnosis: Mexico [9] (34 years), Japan [39]
(37.8+£10.3 years), India [36] (32.75+£11.62 years), and Iraq
[37] (20 years). Limited SSc was the most frequent
cutaneous subset in all series, except for two series in the
USA [17, 21], one in the UK [23], three in Brazil [2, 7, 8],
and one in Colombia [10], all of which reported the most
common subtype as diffuse SSc. Raynaud’s phenomenon
was the most frequent clinical variable observed in all series.
Telangiectasias were reported with a highest frequency in
four European series [26-29], one Brazilian series [8] and
one USA series [17], while calcinosis was most frequently
reported in Brazil [5] and Colombia [11].

The highest rates of esophageal involvement were
observed in African—Americans [22], Brazilians [6], and
Iraqis [37] in whom a prevalence of this complication was
reported in 97%, 87%, and 87%, respectively. Cardiac and
kidney involvement were low in most series, only three
European [24, 27, 31] and one Brazil [5] reports showed
21-30% and 32%, respectively.

We regrouped data from Europe, Asia, North America,
and South America, as shown in Table 2. In all groups,
female gender and limited SSc were the predominant
association (p<0.0001). In Asia, the age at onset was
significantly earlier than in other countries (p<0.0001), as
well as the higher presence of telangiectasias and pulmo-
nary involvement (p<0.0001). In Europe, esophageal and
cardiac involvement and positive anti-topoisomerase |

scoring were the most common findings as compared with
other countries (p=0.0001). Raynaud’s phenomenon was
present at the same proportion among all groups.

Within Latin America, the Colombian series showed a
later age of onset than the Brazilian series (p<0.0001 CI
95% 7.05-10.1). In both Colombia and Brazil, limited
SSc was the most frequent subset, although in Brazil, there
are more cases of diffuse SSc reported than in Colombia
(»p=0.0009). Gastrointestinal and pulmonary involvements
were more frequently reported in Brazilian individuals
while the presence of positive anticentromere antibodies
was more frequent in the Colombian series (p<0.0001).

The type of the antibodies more frequently reported was
antinuclear antibodies in most of series. The antibodies
anti-topoisomerase I were not exclusive of diffuse SSc
since in four series were most common in limited SSc [4,
26, 31, 35].

Meta-analysis

Eleven studies from all the articles retrieved by means of
the literature review were used to perform the meta-
analysis [3, 10, 11, 13, 15, 23, 29, 31, 33, 34, 40]. Nine
clinical characteristics were selected as relevant variables:
seven studies were included in the meta-analysis of male
gender, five studies in the meta-analysis of telangiecta-
sias, six studies in the meta-analysis of calcinosis, nine
studies in the meta-analysis of articular involvement,
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Table 4 (continued)

Expected power

Male gender Lung involvement

Skin ulcers

Ref. Expected power Relative weight Expected power Relative weight Expected power
a=0.05 x=0.05 a=0.05
E (male gender)=0.12 E (lung involvement)=0.36 E (skin ulcers)=0.38
v=1.7 =24 Fixed Random W=1.7 v=3.3 Fixed Random ¥=1.2 v=1.5
[13] 0.20 0.45 1.35 7.71 0.26 0.84 1.38 2.26 0.08 0.17
[34] 0.37 0.80 5.35 15.10 0.59 1.00 6.46 9.89 0.12 0.39
[29] 0.62 0.97 10.55 17.98 0.86 1.00 12.87 18.24 0.18 0.65
[3] NA NA NA NA NA NA NA NA NA NA
[151° NA NA 1.78 9.17 0.20 0.70 NA NA NA NA
[15]° NA NA 4.49 14.23 0.49 0.99 NA NA NA NA
[33] 0.31 0.72 4.50 14.24 0.52 1.00 5.31 8.25 0.11 0.34
[11] NA NA NA NA NA NA NA NA NA NA
[10] NA NA NA NA NA NA NA NA NA NA
[31] 1.00 1.00 7197  21.58 1.00 1.00 73.99 6137 0.73 1.00
[23] 0.16 0.39 NA NA NA NA NA NA NA NA
[40] 0.43 0.85 NA NA NA NA NA NA NA NA
Heterogeneity — p-value r? (0] df p-value r? (0] df p-value I
0.05 52.86 24.08  6.00 0.00 75.08 4.58 4.00 0.33 12.75

seven studies in the meta-analysis of esophageal involve-
ment, seven studies in the meta-analysis of lung involve-
ment, seven studies in the meta-analysis of heart
involvement, five studies in the meta-analysis of skin
ulcers, and seven in the meta-analysis of Raynaud
phenomenon (Table 1).

Association between clinical characteristics and diffuse SSc

Under the random effect model, the analyses showed a
negative association between diffuse SSc and calcinosis
(OR 0.58, 95% CI 0.39-0.87, p=0.008). On the other hand,
individuals with diffuse SSc are more frequently affected
by articular involvement (OR 2.48, 95% CI 1.30-4.75,
p=0.006), esophageal involvement (OR 1.33, 95% CI
1.01-1.76, p=0.043), lung involvement (OR 2.01, 95%
CI 1.42-2.86, p=0.000), and skin ulcers (OR 1.47, 95% CI
1.25-1.71, p=0.000). Additionally, male gender was
associated with this presentation of the disease (OR 2.10,
95% CI 1.53-2.87, p=0.000). Under the fixed effect model,
heart involvement showed an association with diffuse SSc
(OR 12.5, 95% CI 10.46-14.94, p=0.000); nevertheless,
this analysis proved to have high heterogeneity (*=98.04%).
Analyses of telangiectasias and Raynaud phenomenom did
not show statistical significance.

@ Springer

Stratified analysis showed that Caucasian individuals
with diffuse SSc present less calcinosis (OR 0.41, 95%
CI 0.36-0.87, p=0.010). On the other hand, an articular
involvement is frequent in both Caucasian and Mestizo
patients with diffuse SSc (OR 2.17, 95% CI 1.10-4.30,
p=0.028 and OR 10.23, 95% CI 1.60-65.51, p=0.014;
respectively). Sensitivity analysis showed significant results
for calcinosis, articular involvement, male gender, lung
involvement, and skin ulcers (Table 3).

We use the 0.05 level of significance, an OR of exposure
in cases relative to controls of 0.4 and 0.8 for calcinosis; 1.3
and 7.2 for articular involvement; 1.0 and 1.8 for
esophageal involvement; 1.7 and 2.4 for male gender; 1.7
and 3.3 for lung involvement; and 1.2 and 1.5 for skin
ulcers. These ORs represented the 25 and 75 quartiles of
the distribution of effect sizes for each clinical variables
associated with diffuse SSc. (Table 4).

Study quality

There is no evidence of publication bias according to funnel
plots and Egger’s regression tests results in the current
meta-analyses (for calcinosis, the ¢ value was 1.7, df=4,
p=0.17; for articular involvement, the ¢ value was 1.3,
df=7, p=0.23; for esophageal involvement, the ¢ value was
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1.16, df=5, p=0.3; for lung involvement, the ¢ value was
0.12, df=5, p=0.91; for skin ulcers, the ¢ value was 0.93,
df=3, p=0.42; and for gender, the ¢ value was 0.94, df=5,
p=0.39).

Discussion

SSc is an autoimmune disease described in patients all over
the world, with a variable presentation, lack of precise
information, and lack of uniformity in the diagnostic
criteria, making it difficult to study its epidemiological
features. Nevertheless, significant differences in both
clinical and laboratory data were observed among different
series from Asia, America, and Europe. Differences
between diverse published series might be due to ascer-
tainment bias; however, genetic and environmental factors
should be also considered.

A genetic predisposition to SSc is suggested by reports
of familial SSc, by animal models, and by disease-
association studies, in which a wide variety of genes
including those involved in fibrosis, in vascular function
and structure, and in autoimmunity has been examined.
Several loci had suggested to be in linkage and associated
to disease overlap among multiple autoimmune diseases,
indicating that SSc might be at the crossroad of autoimmu-
nity. It is well known, however, that the association of
genetics variants with complex diseases might vary accord-
ing to ethnicity and admixture. SSc represents one of the
conditions being considered as complex traits when looking
for an etiology supported by a genetic basis. The “complex
genetic trait” term defines those phenotypes not fitting
patterns of Mendelian segregation but showing a preferen-
tial familial clustering that cannot be exclusively explained
by cultural or environmental effects. Possible causes
underlying this departure from Mendelian laws are the
presence of genetic heterogeneity, unknown or unmeasur-
able contributions of low-penetrance common alleles, and
environmental factors [41]. There are latter solvents that
have been associated with SSc by several rigorous case-
control studies that suggest a causal role. Current data about
other toxic agents (epoxy resins, vibrations, and welding
fumes) do not justify conclusions about their role in SSc
[42].

Ethnic and racial differences are considered to influence
the occurrence of the disease, and differences in ethnicity
may account for diverse subtypes and organ involvement as
reported by Mcnearney et al. [22] and Reveille et al. [17].
Other differences in relation with ethnic groups have been
reported in other series; for example, most cases of diffuse
SSc have been observed in Hispanic and African—Ameri-
cans [22]. Ethnic differences in HLA associations also have
been reported in relation to specific autoantibodies [43].

Several reports suggested that African-American sub-
jects have a more severe disease than Caucasian subjects [4,
14, 17, 20, 22]. These studies confirm the existence of an
ethnic variability in the susceptibility to develop SSc and
showed significantly more likely to have diffused disease
and anti-topoisomerase I antibodies.

Additionally, SSc has been observed in some regions,
suggesting a nonrandom distribution of the disease in some
population and a possible space-temporal clustering of
cases in particular areas. A cluster analysis is of interest in
SSc to identify populations with higher prevalences of SSc
but remains unknown if these clusters are based on intrinsic
factors (genetic) or exposure to an extrinsic variable
(environmental) or the interaction of both. Reports have
suggested clustering among some populations that may
reflect exposure to specific environmental or genetic
factors, for example, Silman and colleagues showed a
formal epidemiological analysis suggesting a statistically
significant cluster of scleroderma in areas to the south and
west of London, UK [44]. Valesini et al. [45] identified a
geographic cluster of SSc in a small rural area in the
province of Rome, Italy. In this analysis, no known
environmental factor was identified. Other cluster of SSc
was identifying in Choctaw Native Americans in South-
eastern Oklahoma, USA without any environmental expo-
sures associated [46].

It has been well documented that SSc has a female
preponderance that ranges from 3:1 to 8:1 but until to date,
there is no widely accepted biological explanation for the
marked female predominance in SSc.

The gender-specific differences of the disease features
reflect a modifying influence of sex hormones. Steen and
coworkers [47] showed in this study that the overall female
to male incidence radio was 3/1 and was slightly higher
between 15 and 44 years but slightly lower during the
postmenopausal years. This theory of the influence of sex
hormones has been suggested in previous studies but rather
inconsistent results [48].

The reasons underlying the reported divergences in
clinical and laboratory characteristics among patients from
different ethnicities are not fully understood, but it is most
likely that both genetic and nongenetic factors are respon-
sible for them. A putative role of geographical factors came
from data suggesting that the SSc phenotype might differ
among subjects from different ethnic backgrounds. The
most recent analysis published showed a large local
variability of SSc presentations in a European population
and preclude the identification of genetic or environmental
factors [49]. Because variations in both additive and
nonadditive genetic factors and the environmental variance
are specific to the investigated population, ethnicity and
geography are important characteristics to be considered in
the study of SSc and other autoimmune diseases [50, 51].
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